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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a nonvolatile memory device 
excellent in power efficiency and suitable for low power application, by a 
method wherein electric charges carriers generated from a source of a 
source area range over a channel area and accelerate, and are implanted 
into a dielectric layer located in a floating gate or under a control gate, and 
a selective gate controls a channel current. 

SOLUTION: A nonvolatile memory(NVM) device comprises a control gate 
32 on a first portion of a channel area near a source, and split gate field- 
effect transistors(FET) having a selection gate 1 6 on a second portion of a 
channel area 38 near a drain. When the NVM device is programmed, 
electric charges carriers of a first polarity accelerate in the second portion 
of the channel area 38 under the selection gate 1 6, and are implanted into 
a lower dielectric layer 14 of the control gate 32. When data are read from 
the NVM device, a read voltage is applied to a drain adjacent to the 
selection gate 1 6 a current of a bit line coupled to the drain of FET is 
detected, and data are read out. 
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damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a split-gate memory apparatus — it is — main part [ of semiconductor material ]; ~ source field [ within said 
main part of a semiconductor material ]; ~ drain field [ within said main part of a semiconductor material ]; — said 
source field is separated from said drain field — It is the 1st conductive layer which exists on said dielectric layer, 
channel field [ within said main part of a semiconductor material ]; dielectric layer; which exists in a top for said 
channel field contiguous to said drain field part I « dielectric laminating section; which exists in a top for said channel 
field contiguous to said source field part II — A split-gate memory apparatus characterized by being constituted by 2nd 
conductive layer; which exists on 1st conductive layer; which has the 1st side wall which **** to said drain field, and 
the 2nd side wall which counters said 1st side wall, and said dielectric laminating section, and **** on said 2nd side 
wall of said 1st conductive layer. 

[Claim 2] a split-gate memory apparatus — it is - main part [ of : semiconductor material ]; ~ source field [ within said 
main part of a semiconductor material ]; — drain field [ within said main part of a semiconductor material ]; — said 
source field is separated from said drain field ~ It is the 1st conductive layer which exists in a top for said said channel 
field part I. channel field [ within said main part of a semiconductor material ]; — dielectric layer; which exists in a top 
for said channel field part I — oxide-nitride-oxide layer; which exists in a top for said channel field contiguous to said 
source field part II - It is the conductive side wall spacer which exists in a top for said 1st conductive layer; which has 
the 1st side wall and the 2nd side wall which counters said 1st side wall, and said channel field part II. The amount of 
[ of said oxide-nitride-oxide layer ] part I exists between said conductive side wall spacer and said 2nd side wall of said 
1st conductive layer. A split-gate memory apparatus characterized by being constituted by conductive side wall spacer; 
to which the amount of [ of said oxide-nitride-oxide layer ] part II exists between parts for said conductive side wall 
spacer and said part II of said channel field. 

[Claim 3] a split-gate memory apparatus — it is — main part [ of semiconductor material ]; — source field [ within said 
main part of a semiconductor material ]; — drain field [ within said main part of a semiconductor material ]; ~ said 
source field is separated from said drain field — It is the 1st conductive layer which exists in a top for said said channel 
field part I. channel field [ within said main part of a semiconductor material ]; — dielectric layer; which exists in a top 
for said channel field part I - oxide-nitride-oxide layer; which exists in a top for said channel field contiguous to said 
source field part II - The 1st conductive layer which has the 1st side wall and the 2nd side wall which counters said 1st 
side wall; It is the 1st conductivity side wall spacer which exists in a top for said said channel field part II. The amount 
of [ of said oxide-nitride-oxide layer ] part I exists between said 1st conductivity side wall spacer and said 2nd side wall 
of said 1st conductive layer. The amount of [ of said oxide-nitride-oxide layer ] part II exists between parts for said 1st 
conductivity side wall spacer and said part II of said channel field. A split-gate memory apparatus characterized by 
being constituted by 2nd conductivity side wall spacer; which **** on said 1st side wall of 1st conductivity side wall 
spacer [ of a place ];, and said 1st conductive layer. 

[Claim 4] An array of a memory cell which is a split-gate memory apparatus and is arranged by two or more trains and 
two or more lines on semiconductor substrate characterized by providing the following Each memory cell in said array 
is a source field, a channel field, and a drain field where it is a source field, a channel field, and a drain field in said 
semiconductor substrate, and said channel field separates said source field from said drain field. The 1st dielectric layer 
which exists in a top for said channel field part I The 2nd dielectric layer which exists in a top for said channel field 
which **** to said source field part II The control gate which exists on said 2nd dielectric layer, and a selector gate 
which exists on said 1st dielectric layer 

[Claim 5] An array of a memory cell which is a split-gate memory apparatus and is arranged by two or more trains and 
two or more lines on semiconductor substrate characterized by providing the following Each memory cell in said array 
is a source field, a channel field, and a drain field where it is a source field, a channel field, and a drain field in said 
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semiconductor substrate, and said channel field separates said source field from said drain field. The 1st dielectric layer 
which exists in a top for said channel field contiguous to said drain field part I An oxide-nitride-oxide dielectric layer 
which exists in a top for said channel field contiguous to said source field part II The control gate which exists on said 
oxide-nitride-oxide dielectric layer, and a selector gate which exists on said 1st dielectric layer 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally this invention relates to nonvolatile memory equipment in more detail about a 

memory apparatus. 

[0002] 

[Description of the Prior Art] The programmable read only memory (EEPROM: Electrically Erasable Programmable 
Read Only Memory) in which an eliminable store is possible can hold electrically the data stored even if the power to 
memory was eliminated. An EEPROM eel accumulates a charge into the floating gate separated electrically [ a field- 
effect transistor (FET: field effect transistor) ], or is FET. Data is stored by accumulating a charge into the dielectric 
layer under the control gate. The stored charge is FET. A threshold is controlled and this controls the memory condition 
of an EEPROM cel. 

[0003] Conventionally, an EEPROM eel pours in a charge carrier using drain side hot carrier impregnation into the 
charge trap site in the dielectric layer on the floating gate or under the control gate. A programming process is 
accelerated using a high drain and gate voltage. For this reason, FET in an EEPROM eel Although high current is told 
during programming, this is not desirable in the use of low-battery low power. Furthermore, an EEPROM eel operates 
in the condition very near a breakdown condition during programming. 

[0004] The yield condition under programming is avoidable if source side carrier injection is used. In order to program 
EEPROM using source side hot carrier impregnation, a selector gate is formed on [ some ] the channel field contiguous 
to a source field. This selector gate is electrically separated from the control gate adjoined and formed in a drain field. 
During programming, electric field are set up in a channel field, and the charge carrier which emits a source to a source 
field by that cause is poured in into the dielectric layer located in the floating gate and under the control gate, after 
continuing a channel field and being accelerated. A selector gate controls channel current. In this way, compared with 
the conventional drain side hot carrier impregnation, programming by source side hot carrier impregnation is excellent 
in power efficiency, and suitable with the low-battery low power use. 

[0005] Therefore, it is advantageous to have the nonvolatile memory equipment which was excellent in power 
efficiency and fitted the low power use, and the method of accessing nonvolatile memory equipment. Moreover, this 
nonvolatile memory equipment is easy to manufacture, a cheap thing is desirable and it is desirable for silicon area 
effectiveness to be good. Furthermore, as for this access method, it is desirable for it to be reliable and to excel in time 
amount effectiveness. 
[0006] 

[Example] Generally, this invention offers nonvolatile memory (NVM: nonvolatile memory) equipment and the method 
of accessing NVM **. By this invention, it is NVM. Equipment is equipped with the split-gate field-effect transistor 
(FET) which has the control gate which exists in the top for the channel field near the source part I, and the selector gate 
which exists in the top for the channel field near a drain part II. NVM In case equipment is programmed, it is 
accelerated within the part II part of the channel field under a selector gate, and the electronic charge carrier of the 1st 
polarity is poured in into the dielectric layer which exists under the control gate. In the suitable example of this 
invention, the dielectric layer which exists under the control gate is constituted by the pars-basilaris-ossis-occipitalis 
dielectric layer (for example, pars-basilaris-ossis-occipitalis diacid-ized silicon layer) on the part I part of a channel 
field, the up dielectric layer (for example, up diacid-ized silicon layer) under the control gate, and the silicon nitride 
layer among them. A silicon nitride layer includes the charge trap site (charge trapping site) formed into it. NVM 
Equipment is eliminated by pouring in the charge carrier of the 2nd polarity of an electron hole etc. into a silicon nitride 
layer from a channel field. NVM When reading data in equipment, read voltage adjoins a selector gate and drain 
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impression is carried out. Next, FET By detecting the current which flows the bit line combined with a drain, data is 
NVM. It is read in equipment. 

[0007] Drawin g 1 is NVM by this invention. It is the cross section of split-gate memory apparatus, such as a eel 10. 
NVM A eel 10 is formed on the main part of semiconductor materials, such as the semiconductor substrate 1 1 which has 
the main surface 12. As an example, the semiconductor substrate 1 1 is p. It is the silicon substrate of a conductivity 
type. It is NVM so that it may be explained below. A store (programming) and elimination are electrically possible for a 
eel 10. Therefore, NVM A eel 10 is also electrically called the programmable read only memory (EEPROM: 
Electrically Erasable Programmable Readonly Memory) eel in which an elimination store is possible. 
[0008] The selector-gate structure 15 is equipped with the selector gate 16 on the dielectric layer 14 and dielectric layer 
14 which exist on a substrate 1 1. A selector gate 16 has the side walls 17 and 18 which counter mutually. As an 
example, a dielectric layer 14 is a heat growth diacid-ized silicon layer which has the thickness of about 3 nanometers 
(nm) thru/or about 30nm, and a selector gate 16 is formed deposition and by carrying out patterning in a conductive 
layer on a dielectric layer 14. Preferably, a conductive layer is a poly crystalline silicon layer which has the thickness of 
about 150nm thru/or about 300nm, and deposition is carried out on a dielectric layer 14 using a chemical-vacuum- 
deposition process. Furthermore, a selector gate 16 is n between a chemical-vacuum-deposition process or a subsequent 
doping phase. It is desirable to be doped with the ion of a conductivity type, for example, Lynn, or arsenic ion. 
[0009] The drain field 22 is adjusted with the side wall 17 of a selector gate 16. As an example, they are n, such as Lynn 
or arsenic ion. The drain field 22 is formed using the self-align ion-implantation process of pouring in the ion of a 
conductivity type into a substrate 1 1 . Preferably, an ion-implantation process penetrates the pad dielectric layer on the 
main surface 12 of a substrate 11, and is performed. A dielectric layer 14, a sacrifice oxide layer (not shown), etc. are 
sufficient as a pad dielectric layer. 

[0010] For example, dielectric layers, such as the diacid-ized silicon layer 23, are formed on the portion on the surface 
12 of main contiguous to the side walls 17 and 18 of a selector gate 16. Preferably, the diacid-ized silicon layer 23 has 
the thickness of about 5nm thru/or about 15nm, and is formed using a thermal oxidation process or a deposition process. 
Since a thermal oxidation process also oxidizes a selector gate 16 in accordance with side walls 17 and 18, even if the 
diacid-ized silicon layer 23 meets side walls 17 and 18, it is formed. In a certain example, etching removal of the portion 
of the dielectric layer 14 which is not protected by the selector gate 16 is carried out, and the diacid-ized silicon layer 23 
is formed on the main surface 12 after that. In other examples, the diacid-ized silicon layer 23 is formed on the portion 
of the dielectric layer 14 which is not protected by the selector gate 16. For example, the silicon nitride layer 24 which 
has the thickness of about 5nm thru/or about 15nm is formed on the diacid-ized silicon layer 23, and is preferably 
formed using a chemical- vacuum-deposition process. For example, another dielectric layers, such as the diacid-ized 
silicon layer 28 which has the thickness of about 5nm thru/or about 15nm, are formed on the silicon nitride layer 24. 
The diacid-ized silicon layer 28 can be formed using a deposition process or a thermal oxidation process. 
[001 1] The diacid-ized silicon layer 23, the silicon nitride layer 24, and the diacid-ized silicon layer 28 form the oxide- 
nitride-oxide (ONO: oxide-nitride-oxide) laminating section 25. This is also called the dielectric laminating section. 
ONO In the laminating section 25, the diacid-ized silicon layer 23 is called a pars-basilaris-ossis-occipitalis dielectric 
layer, and the diacid-ized silicon layer 28 is called an up dielectric layer. NVM In case a eel 10 is programmed, a charge 
carrier (for example, electron) is ONO. It is poured in into the laminating section 25 and caught in the charge trap site 
formed in the silicon nitride layer 24. NVM In order for a eel 10 to have a good rate of data-hold, it is desirable that the 
pars-basilaris-ossis-occipitalis dielectric layer 23 and the up dielectric layer 28 are thick. Furthermore, it is desirable to 
suppress the defect in a dielectric layer 23 and 28 to the minimum. The chemical composition of the silicon nitride layer 
24 is Si3N4. Please understand not restricting. For example, the silicon nitride layer 24 can be used as the nitride layer 
which was rich in the silicon which has the chemical composition expressed with SixNy. However, x Pair y A ratio is 
larger than 3 to 4. 

[0012] The control gate 32 is ONO. It exists on the laminating section 25. The control gate 32 has the side wall 31 
which adjoins a selector gate 16, and the side wall 33 which counters a side wall 31. As an example, the control gate 32 
is ONO. A conductive layer is formed deposition and by carrying out patterning on the laminating section 25. 
Preferably, a conductive layer is a polycrystalline silicon layer which has the thickness of about 200nm thru/or about 
300nm, and deposition is carried out on the ONO laminating section 25 using a chemical-vacuum-deposition process. 
As for the control gate 32, in other words, it is desirable to be formed as a polycrystalline silicon side wall spacer which 
adjoins a selector gate 16. Furthermore, the control gate 32 is n, such as Lynn or arsenic ion. It is conductivity-type ion 
and it is desirable to be doped between chemical-vacuum-deposition processes or between subsequent doping phases. 
The process which forms the control gate 32 also forms a polycrystalline silicon side wall spacer (not shown) in 
accordance with the side wall 17 of a selector gate 16. However, the polycrystalline silicon side wall spacer in alignment 
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with the side wall 17 of a selector gate 16 is NVM. It does not participate in actuation of a eel 10. It is NVM which this 
is removed all over a subsequent etching phase in a certain example, and is illustrated by drawing 1 . It becomes a eel 
10. It sets in the another example (not shown) and this spacer is NVM. It is combined by reference voltage levels, such 
as a touch-down voltage level, during the access actuation to a eel 10. 

[0013] Respectively in accordance with the side wall 33 of the control gate 32, and the side wall 17 of a selector gate 16, 
dielectric spacers, such as the nitride spacers 34 and 35, are formed. Preferably, the nitride spacer 34 is a wrap about the 
control gate 32. The source field 36 is adjusted with the nitride spacer 34. As an example, they are n, such as Lynn or 
arsenic ion. The source field 36 is formed using the self-align ion-implantation process of pouring in the ion of a 
conductivity type. The source field 36 and the drain field 22 specify the channel field 38 among them. In other words, 
the channel field 38 separates the source field 36 from the drain field 22. A part for part I of the channel field 38 is 
ONO. Being under the laminating section 25 and the control gate 32, the amount of [ of the channel field 38 ] part II is 
under the selector-gate structure 15. The nitride spacers 34 and 35 are NVM. Please understand arbitrary things in a eel 
10. NVM In the example of the alternative in which a eel 10 does not contain the nitride spacers 34 and 35, the source 
field 36 is adjusted with the side wall 33 of the control gate 32. 

[0014] ONO By the process which forms the laminating section 25 on the main surface 12, it is ONO also on a selector 
gate 16. The laminating section is formed (not shown). ONO in the selector-gate 16 upper part The portions (not shown) 
of the laminating section and the ONO layer 25 which is on the main surface 12 and is not protected by the nitride 
spacers 34 and 35 are removed in an etching process. The silicon compound structure 42 exists on a selector gate 16, 
and it is NVM. It functions as a selector-gate electrode of a eel 10. Similarly, the silicon compound structure 44 exists 
on the source field 36, and it is NVM. It functions as a source electrode of a eel 10. Furthermore, the silicon compound 
structure 46 exists on the drain field 22, and it is NVM. It functions as a drain electrode of a eel 10. The silicon 
compound structures 42, 44, and 46 are adjusted with the nitride spacers 34 and 35. For this reason, these are also called 
self-align silicon compound (Salicide) structure. The silicon compound structures 42, 44, and 46 are NVM. Since the 
parasitism resistance in a eel 10 is mitigated, it is NVM. The engine performance of a eel 10 is improved. However, the 
silicon compound structures 42, 44, and 46 are NVM. Please care about that it is the component of arbitration in a eel 
10. 

[0015] Flattening of the insulating layer (not shown) is formed and carried out on a substrate 1 1 after formation of the 
silicon compound structures 42, 44, and 46. A metallic-coating field (not shown) is formed in an insulating layer, and it 
is electrically combined with the control gate 32, the selector-gate electrode 42, the source electrode 44, and the drain 
electrode 46. 

[0016] Although it is shown that drawing 1 is formed as a side wall spacer which the control gate 32 **** to a selector 
gate 16, this does not restrict this invention. In the example of an alternative of this invention, a polycrystalline silicon 
selector gate is formed as a side wall spacer along the polycrystalline silicon control gate. It sets to this example and the 
1st polycrystalline silicon layer is ONO. Patterning is carried out on the laminating section 25, and the control gate is 
specified. ONO to which the control gate does not exist upwards Etching removal of the portion of the laminating 
section 25 is carried out. A dielectric layer 14 is arranged on the main surface 12. An ion implantation is performed and 
the control gate and the source field 36 adjusted are formed. Deposition of the 2nd polycrystalline silicon layer is carried 
out on a dielectric layer 14, and patterning is carried out so that a selector gate may be formed as a side wall spacer of 
the control gate. An ion implantation is performed once again and forms a selector gate and the drain field 22 adjusted. 
[0017] it is mentioned above — as — NVM a eel 10 -- p n created in the conductivity-type substrate 1 1 Channel split gate 
FET it is . However, this does not restrain this invention, a substitute example - setting — NVM a eel 10 — n p created 
in a conductivity-type semiconductor substrate Channel split gate FET it is . another example « setting - NVM a eel 10 
- n p formed in a conductivity-type semiconductor substrate n created in the well of a conductivity type Channel split 
gate FET it is . still more nearly another example - setting - NVM a eel 10 - p n formed in a conductivity-type 
semiconductor substrate p created in the well of a conductivity type Channel split gate FET it is . 
[0018] NVM of drawing 1 Access to a eel 10 is : containing three portions, i.e., NVM. Programming a eel 10 and NVM 
Eliminating a eel 10 and NVM It is reading data in RU 10. These are NVM. It realizes by carrying out bias of the 
selector gate 16, the control gate 32, the source field 36, and the drain field 22 of a eel 10 to predetermined voltage. 
[0019] NVM In order to program a eel 10 electrically, programming drain voltage, such as touch-down voltage, is 
impressed to the drain field 22. At least, the programming selector-gate voltage by threshold voltage of channel field 38 
portion under the selector-gate structure 15 higher than programming drain voltage is impressed to a selector gate 16. 
Programming source voltage higher than programming drain voltage is impressed to the source field 36. Furthermore, 
programming control gate voltage higher than programming source voltage is impressed to the control gate 32. As an 
example, about 1 volt thru/or about 2 volts, and the programming source voltage of programming selector-gate voltage 
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are about 3 volts thru/or about 5 volts, and programming control gate voltage is about 8 volts thru/or about 10 volts. 
[0020] Since it is in a voltage level higher than the drain field 22, the source field 36 is n. Channel split-gate FET 10 
operate in reversal active mode. In other words, during programming, the source field 36 functions as a drain of FET 10, 
and the drain field 22 functions as the source of FET 10. Furthermore, a selector gate 16 is in the voltage level [ at least ] 
by threshold voltage of channel field 38 portion under the selector-gate structure 15 higher than the voltage level of the 
drain field 22. For this reason, the portion of the channel field 38 under the selector-gate structure 15 is turned on, and 
has conductivity. A negative charge carrier, for example, an electron, is generated from the drain field 22, and it is 
accelerated through channel field 38 portion between the selector-gate structure 15 and the control gate 32. a charge 
carrier — the source field 36 — adjoining — in addition ~ and it will be drawn by the high voltage in the control gate 32 
if channel field 38 portion under the control gate 32 is reached. In a hot carrier impregnation process, a charge carrier is 
poured in through an oxide layer 23, and it is caught in the portion of the silicon nitride layer 24 which **** on the side 
wall 3 1 of the control gate 32. The threshold voltage of channel field 38 portion under the control gate 32 goes up as a 
negative charge carrier, for example, an electron, moves into the silicon nitride layer 24 from the channel field 38. For 
this reason, the current passing through the channel field 38 falls, and the speed of hot carrier impregnation also falls. 
NVM After programming voltage is eliminated from a eel 10, the poured-in carrier becomes with the condition of 
having been caught in the silicon nitride layer 24. The 1st logical value 1, for example, logic, is NVM. It is stored in a 
eel 10. Namely, NVM A eel 10 is programmed. 

[0021] The current which flows the channel field 38 is restricted between programming processes by the programming 
selector-gate voltage level impressed to a selector gate 16. Preferably, programming selector-gate voltage is somewhat 
higher than the threshold voltage of channel field 38 portion under a selector gate 16, and the current which flows the 
inside of the channel field 38 by that cause is suppressed to the minimum. In this way, it is NVM. The process which 
programs a eel 10 is excellent in power efficiency, and suitable for a low-battery low power use. 
[0022] NVM In order to eliminate a eel 10 electrically, elimination source voltage is impressed to the source field 36, 
and elimination control gate voltage lower than elimination source voltage is impressed to the control gate 32. As an 
example, elimination source voltage is about 5 volts thru/or about 7 volts, and elimination control gate voltage is 
[ about ]. -It is [ about / 1 1 volts thru/or ]. -It is 9 volts. It does not participate in an elimination process, but is combined 
with a reference voltage level, for example, a touch-down voltage level, or a selector gate 16 and the drain field 22 can 
be made into floating. NVM In the example of the alternative which eliminates a eel 10, elimination selector-gate 
voltage is impressed to a selector gate 16, and elimination drain voltage is impressed to the drain field 22. At this time, 
elimination selector-gate voltage is lower than elimination drain voltage. As an example, elimination selector-gate 
voltage is [ about ]. -It is [ about / 3 volts thru/or ]. -It is 0.5 volts and elimination drain voltage is touch-down voltage. 
Since a selector gate 16 is in a voltage level lower than the drain field 22, channel field 38 portion under a selector gate 
16 certainly has non-conductive. NVM The voltage of about 2 volts thru/or about 5 volts is impressed to the drain field 
22, and it is made for charge carrier injection not to happen from the drain field 22 to the channel field 38 accidentally 
in another alternative example which eliminates a eel 10. 

[0023] In the channel field 38 portion under the control gate 32, powerful electric field are set up a sake [ between the 
source field 36 and the control gate 32 (for example a high- voltage difference (about 14 volts thru/or about 19 volts)) ]. 
According to a band tunnel process, strong electric field generate an electronic-electron hole pair within the channel 
field 38 portion which adjoins the source field 36. The electron hole which is a positive charge carrier is drawn by 
negative voltage at the control gate 32. In a hot carrier impregnation process, an electron hole minds an oxide layer 23, 
and it is ONO. It is poured in to the silicon nitride layer 24 of the laminating section 25, and combines with the electron 
in the silicon nitride layer 24 there. Preferably, an elimination process continues until the silicon nitride layer 24 is 
substantially charged by electrical neutrality or positive. Blanking voltage is NVM. If removed from a eel 10, the silicon 
nitride layer 24 will become with neutrality or the condition of having just charged, substantially. In any case, the 2nd 
logical value 0, for example, logic, is NVM. It is stored in a eel 10. Namely, NVM A eel 10 is eliminated. 
[0024] The charge with which it is stored in the charge trap site of the silicon nitride layer 24 between elimination 
processes is carbonated with the charge of antipole nature poured in from the channel field 38. The charge in a charge 
trap site is Fowler-Nordheim. As compared with the elimination process which moves to the control gate through a 
dielectric layer in a tunnel process between a charge trap site and the control gate, it is ONO in the elimination process 
of this invention. The up dielectric layer 28 thick in the laminating section 25 becomes possible, and, thereby, it is 
NVM. The data-hold of a eel 10 is improved. 

[0025] NVM In order to read data in a eel 10, reading source voltage, such as touch-down voltage, is impressed to the 
source field 36. It is substantially [ as reading source voltage ] equal, or reading control gate voltage higher than it is 
impressed to the control gate 32. At least, the reading selector-gate voltage by threshold voltage of channel field 38 
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portion under the selector-gate structure 15 higher than reading source voltage is impressed to a selector gate 16. In this 
way, channel field 38 portion under the selector-gate structure 15 is turned on, and has conductivity. Reading drain 
voltage higher than reading source voltage is impressed to the drain field 22. As an example, about 1 volt thru/or about 2 
volts, and the reading drain voltage of reading control gate voltage are about 1 volt thru/or about 2 volts, and a selector 
gate 16 is supply voltage VDD. It is combined. As an example, it is supply voltage VDD. They are about 3 volts thru/or 
about 5 volts. It sets for a low power use and is supply voltage VDD. For example, they are about 0.9 volts thru/or about 
1.8 volts. 

[0026] NVM If a eel 10 is programmed, the silicon nitride layer 24 under the control gate 32 will be charged by 
negative. Channel field 38 portion under the control gate 32 has threshold voltage with the silicon nitride layer 24 
substantially higher than the proper threshold voltage at the time of electrical neutrality under the control gate 32. NVM 
If a eel 10 is eliminated, the silicon nitride layer 24 under the control gate 32 will become electrical neutrality 
substantially, or will just be charged. Channel field 38 portion under the control gate 32 is substantially [ as the proper 
threshold voltage ] equal, or has threshold voltage lower than it. Reading control gate voltage is NVM. When a eel 10 is 
programmed, it is desirable that it is lower than the threshold voltage of channel field 38 portion under the control gate 
32. Moreover, reading control gate voltage is NVM. When a eel 10 is eliminated, it is desirable that it is higher than the 
threshold voltage of channel field 38 portion under the control gate 32. Therefore, programmed NVM When reading 
data in a eel 10, the current of the channel field 38 which serves as non-conductive and flows that is as small as for 
example, below about 2microampere (muA). The detection amplifier (not shown) combined with the drain field 22 
through a bit line (not shown to drawing 1 ) detects this small current, and is NVM. The 1st logical value 1, for example, 
logic, is read in a eel 10. NVM eliminated on the other hand The current which the channel field 38 has conductivity 
and flows that when reading data in a eel 10 is about lOmicroA. It becomes large with the above. The detection 
amplifier (not shown) combined with the drain field 22 detects this big current, and is NVM in the 2nd logical value 0, 
for example, logic. It reads in a eel 10. 

[0027] The source field 36 is in a voltage level lower than the drain field 22 between the processes to read. The voltage 
drop covering channel field 38 portion under the control gate 32 is small. For this reason, the probability for a charge 
carrier to be accidentally poured in into the silicon nitride layer 24 from the channel field 38 is small. In other words, it 
is NVM. The active jamming in a reading process over the data stored in a eel 10 is small. Detection amplifier (not 
shown) is combined with the drain field 22 through a bit line (not shown to drawing 1 ) by this invention, and the drain 
field 22 is separated from the silicon nitride layer 24 by the selector-gate structure 15 by it. Therefore, the capacity of a 
parasitism bit line capacitor is substantially unrelated to the charge in the silicon nitride layer 24. In other words, the 
data dependency of parasitism bit line capacity is NVM. In a eel 10, it is small. NVM NVM with the small data 
dependencies of bit line capacity, such as a eel 10, RU is suitable for a high performance use. 

[0028] Drawin g 2 is the split gate NVM by this invention. It is the wiring schematic of equipment 50. NVM Equipment 
50 is the split gate FET which was created in the semiconductor substrate (not shown to drawing 2 ), and was arranged 
by the line and the train. It has an array. Split gate FET NVM In equipment 50, it functions as a memory cell. Each split 
gate FET in an array It has a source field, a drain field, and the channel field that separates a source field from a channel 
field. Selector-gate structure exists on the channel field portion which adjoins a drain field. The dielectric laminating 
section exists on another portion of the channel field contiguous to a source field. The control gate is arranged on the 
dielectric laminating section, and it is electrically insulated from a selector gate. Split gate FET in an array 1 -bit data is 
stored. Therefore, split gate FET in an array NVM In equipment 50, it is also called a bit cel. Preferably, it is NVM. 
Split gate FET in equipment 50 Split gate NVM illustrated by drawing 1 It is structurally [ as a eel 10 ] equal. Drawing 
2 shows 16 bit eels arranged by four-line four trains. However, this does not restrain this invention. By this invention, it 
is NVM. Equipment 50 is equipped with the array of the bit eel arranged by the line of the number of arbitration, and the 
train of the number of arbitration. 

[0029] NVM Equipment 50 is accessed through the source lines 52 and 54, the selection lines 61, 62, 63, and 64, the 
control lines 71, 72, 73, and 74, and bit lines 81, 82, 83, and 84. NVM The bit eel in equipment 50 is addressed with the 
location, for example, the line number, and row number in an array. In the 1st line, the bit eel 1 10,120,130,140 is 
located in the 1st, 2nd, 3rd, and 4th trains, respectively. In the 2nd line, the bit eel 210,220,230,240 is located in the 1st, 
2nd, 3rd, and 4th trains, respectively. In the 3rd line, the bit eel 310,320,330,340 is located in the 1st, 2nd, 3rd, and 4th 
trains, respectively. In the 4th line, the bit eel 410,420,430,440 is located in the 1st, 2nd, 3rd, and 4th trains, 
respectively. 

[0030] The source line 52 is connected to the source 1 12,122,132,142 of the bit eel 1 10,120,130,140 of the 1st line, 
respectively. The source line 52 is connected also to the source 212,222,232,242 of the bit eel 210,220,230,240 of the 
2nd line, respectively. The source line 54 is connected to the source 312,322,332,342 of the bit eel 310,320,330,340 of 
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the 3rd line, respectively. The source line 54 is connected also to the source 412,422,432,442 of the bit eel 
410,420,430,440 of the 4th line, respectively. Since the bit eel which combines the source with the same source line is 
put in block by this invention and it is eliminated, an elimination block is formed. For this reason, NVM Although 
equipment 50 consists of what consists of bit eels in the 1st and the 2nd line, and a bit eel in the 3rd and the 4th line, it is 
equipped with two elimination blocks. 

[0031] The selection line 61 is connected to the selector gate 1 15,125,135,145 of the bit eel 1 10,120,130,140 of the 1st 
line, respectively. The selection line 62 is connected to the selector gate 215,225,235,245 of the bit eel 210,220,230,240 
of the 2nd line, respectively. The selection line 63 is connected to the selector gate 315,325,335,345 of the bit eel 
3 10,320,330,340 of the 3rd line, respectively. The selection line 64 is connected to the selector gate 415,425,435,445 of 
the bit eel 410,420,430,440 of the 4th line, respectively. 

[0032] The control line 71 is connected to the control gate 1 16,126,136,146 of the bit eel 1 10,120,130,140 of the 1st 
line, respectively. The control line 72 is connected to the control gate 216,226,236,246 of the bit eel 210,220,230,240 of 
the 2nd line, respectively. The control line 73 is connected to the control gate 3 16,326,336,346 of the bit eel 
310,320,330,340 of the 3rd line, respectively. The control line 74 is connected to the control gate 416,426,436,446 of 
the bit eel 410,420,430,440 of the 4th line, respectively. 

[0033] A bit line 81 is connected to the drain 1 14,214,314,414 of the bit eel 1 10,210,310,410 of the 1st train, 
respectively. A bit line 82 is connected to the drain 124,224,324,424 of the bit eel 120,220,320,420 of the 2nd train, 
respectively. A bit line 83 is connected to the drain 134,234,334,434 of the bit eel 130,230,330,430 of the 3rd train, 
respectively. A bit line 84 is connected to the drain 144,244,344,444 of the bit eel 140,240,340,440 of the 4th train, 
respectively. 

[0034] NVM Please understand that the bit eel in equipment 50 is not necessarily combined as explained above. For 
example, the source line 52 and the source line 54 are mutually combinable. In other words, all the sources of the 1st in 
an array, the 2nd, the 3rd, and the bit eel of the 4th line are combinable with the same source line. In this way, it is 
NVM. Equipment 50 has the elimination block constituted by the 1st, the 2nd, the 3rd, and the bit eel of the 4th line. 
Furthermore the control lines 71 and 72 of each other can be combined, and the control lines 73 and 74 of each other 
can also be combined. In this way, the bit eel in the 1 st and the 2nd line shares the one control line, and the bit eel in the 
3rd and the 4th line shares the one control line. 

[0035] NVM Each bit eel in equipment 50 is electrically programmable according to an individual. It can read according 
to an individual by detecting the current on which the data stored in each bit eel also flows the inside of bit lines 81, 82, 
and 83 or 84. Furthermore, the bit eel within an elimination block can share and bundle up a common source line, and 
can eliminate it electrically. Therefore, NVM Equipment 50 is also called flash EEPROM equipment. 
[0036] NVM In order to program electrically, the bit eel 1 10,120, for example, the bit eel, in equipment 50, the source 
programming voltage of about 3 volts thru/or about 5 volts is impressed to the source line 52. For example, the 1st 
selection programming voltage of about 1 volt thru/or about 2 volts is impressed to the selection line 61. Since the 2nd, 
the 3rd, and the bit eel of the 4th line do not participate in the process which programs the bit eel 1 10,120, they become 
off by impressing the 2nd selection programming voltage, such as touch-down voltage, to the selection lines 62, 63, and 
64, for example. For example, the control programming voltage of about 8 volts thru/or about 10 volts is impressed to 
the control line 71. Preferably, control programming voltage is higher than source programming voltage, and is set up 
more highly than the 1st selection programming voltage. The 1st bit programming voltage VDD, for example, supply 
voltage, It is impressed by bit lines 83 and 84. as for the difference of the 1st bit programming voltage impressed to bit 
lines 83 and 84, and the 1st selection programming voltage impressed to the selection line 61, it is desirable that it is 
lower than the threshold voltage of the channel field portion under each of the selector gate 135,145 of the bit eel 
130,140. For example, the 2nd bit programming voltage, such as touch-down voltage, is impressed to bit lines 81 and 
82. Therefore, the bit eel 1 10,120 serves as ON and it operates in reversal active mode. In other words, the source 
1 12,122 functions as a drain of the bit eel 1 10,120 between programming processes, respectively, and a drain 1 14,124 
functions as the source of the bit eel 1 10,120, respectively. A negative charge carrier, for example, an electron, occurs 
from the drain 1 14,124 of the bit eel 1 10,120, respectively, and it is accelerated through the channel field between the 
selector gate 1 15 of the bit eel 110, and the control gate 1 16, and the channel field between the selector gate 125 of the 
bit eel 120, and the control gate 126. If a charge carrier reaches the channel field portion under the control gate 1 16,126 
of the bit eel 1 10,120, respectively, it will be drawn by the high voltage at the control gate 1 16,126. In a hot carrier 
impregnation process, a charge carrier is poured in into the charge trap site of the dielectric laminating circles under the 
control gate 1 16,126. If negative charge carriers, such as an electron, are poured in into the charge trap site under the 
control gate 1 16,126, the threshold voltage of the channel field portion under the control gate 1 16,126 will go up. The 
current which flows the bit eel 1 10,120 falls in this way, and the speed of hot carrier impregnation also falls. NVM 
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After programming voltage is removed from equipment 50, the poured-in carrier remains in the charge trap site under 
the control gate 1 16,126. The 1st logical value 1, for example, logic, is stored in the bit eel 1 10,120. That is, the bit eel 
1 10,120 is programmed. 

[0037] NVM In order to eliminate electrically the bit eel in the bit eel of equipment 50, for example, the 1st, and the 2nd 
line, source blanking voltage is impressed to the source line 52, and control blanking voltage is impressed to the control 
lines 71 and 72. As an example, the positive voltage of about 5 volts thru/or about 7 volts is chosen as source blanking 
voltage, and it is [ about ]. -About [ 1 1 volts thru/or ] -The negative voltage of 9 volts is chosen as control blanking 
voltage. The source line 54, the selection lines 63 and 64, and the control lines 73 and 74 are combined with a touch- 
down voltage level. In a certain example, the selection lines 61 and 62 and bit lines 81, 82, 83, and 84 are combined 
with a touch-down voltage level. In a substitute example, the selection lines 61 and 62 and bit lines 81, 82, 83, and 84 
float. It sets in the another alternative example and is [ about ], for example. -About [ 3 volts thru/or ] -Selection 
blanking voltage, such as 0.5 etc. volts, is impressed to the selection lines 61 and 62, for example, bit blanking voltage, 
such as touch-down voltage, is impressed to bit lines 81, 82, 83, and 84. Since the selector gate of the bit eel of the 1st 
line and the 2nd line is in a voltage level lower than each drain, the channel field of the bit eel of the 1st line and the 2nd 
line becomes off certainly. In still more nearly another alternative example, bit blanking voltage, such as voltage of 
about 2 volts thru/or about 5 volts, is impressed to bit lines 81, 82, 83, and 84, for example, and it avoids that a charge 
carrier is accidentally poured into the channel field of the bit eel of the 1st line and the 2nd line from a drain. 
[0038] To the bottom of the 1st and the control gate near the source of a bit eel of the 2nd line, powerful electric field 
are set a sake [ between the source of the 1st and the bit eel of the 2nd line, and the control gate (for example, a high- 
voltage difference (about 14 volts thru/or about 18 volts)) ]. By the tunneling between bands, strong electric field 
generate an electronic-electron hole pair in the channel field portion under the control gate. The electron hole which is a 
positive charge carrier is drawn by negative voltage at the control gate. In a hot carrier impregnation process, an electron 
hole is poured in into the charge trap site of the dielectric laminating circles under each control gate. The poured-in 
electron hole is combined with an electron in the 1st and the charge trap site of a bit eel of the 2nd line. Preferably, an 
elimination process continues until the charge trap site of the 1st and the bit eel of the 2nd line becomes electrical 
neutrality substantially. A charge trap site may just be charged in a fault elimination process. Blanking voltage is NVM. 
If removed from equipment 50, the charge trap site of the 1st and the bit eel of the 2nd line will become with neutrality 
or the condition of having just charged, substantially. In any case, the 2nd logical value 0, for example, logic, is stored 
in the bit eels 1 10, 120, 130, and 140 and 210,220,230,240. Namely, NVM The 1st and the bit eel of the 2nd line of 
equipment 50 are eliminated. 

[0039] NVM In order to read data in the bit eel 430,440, for example, the bit eel, of equipment 50, the 1st selection 
reading voltage is impressed to the selection line 64. as an example ~ the 1st selection reading voltage — supply voltage 
VDD it is . For example, the control reading voltage of about 1 volt thru/or about 2 volts is impressed to the control line 
74. Since the bit eel in the 1st, the 2nd, and the 3rd line does not participate in the reading process of the data from the 
bit eel 430,440, it is desirable by impressing the 2nd selection reading voltage, such as touch-down voltage, to the 
selection lines 61, 62, 63, and 64, for example to turn OFF. Source reading voltage, for example, touch-down voltage, is 
impressed to the source lines 52 and 54. The 1st bit reading voltage of about 1 volt thru/or about 2 volts is impressed to 
bit lines 83 and 84. Preferably, the 2nd bit reading voltage impressed to bit lines 81 and 82 is substantially [ as the 
source reading voltage impressed to the source lines 52 and 54 ] equal. It becomes zero substantially between the 
processes in which the current which flows the inside of the bit eel 410,420 reads data in the bit eel 430,440 in this way. 
The control reading voltage impressed to the control line 74 is the height of the degree preferably same at least as the 
source reading voltage impressed to the source line 54. the source reading voltage desirable [ which is impressed to the 
selection line 64 / 1st selection reading ] and impressed to the source line 54 - at least - the selector gate 435,445 of the 
bit eel 430,440 - it is high by the threshold voltage of the channel field portion under each. The 2nd selection reading 
voltage impressed to the selection lines 61, 62, and 63 is lower than the sum of the threshold voltage of the channel field 
portion under the 1st, the 2nd, or the selector gate of a bit eel of the 3rd line, and the source reading voltage impressed to 
the source lines 52 and 54 preferably. 

[0040] If the bit eel 430 is programmed, the charge trap site under the control gate 436 will be charged by negative. The 
channel field portion under the control gate 436 has threshold voltage higher than the proper threshold voltage 
substantially [ a charge trap site ] at the time of electrical neutrality. If the bit eel 430 is eliminated, the charge trap site 
under the control gate 436 will be substantially charged by electrical neutrality or positive. The channel field portion 
under the control gate 436 is substantially [ as the proper threshold voltage ] equal, or has threshold voltage lower than 
it. Preferably, the control reading voltage impressed to the control line 74 is lower than the threshold voltage of the 
channel field portion under the control gate 436, when the bit eel 430 is programmed, and when the bit eel 430 is 
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eliminated, it is higher than the threshold voltage of the channel field portion under the control gate 436. Therefore, the 
current which the channel field of the bit eel 430 is non-conductive, and flows that in case data is read in the 
programmed bit eel 430 is about 2microA. It is as small as the following. The detection amplifier (not shown) combined 
with a bit line 83 detects this small current, and the 1st logical value 1, for example, logic, is read in the bit eel 430. The 
current which the channel field of the bit eel 430 has conductivity, and flows that on the other hand in case data is read 
in the eliminated bit eel 430 is about lOmicroA. It is as large as the above. The detection amplifier (not shown) 
combined with a bit line 83 detects this high current, and reads the 2nd logical value and logic 0 in the bit eel 430. 
[0041] If the bit eel 440 is programmed, the charge trap site under the control gate 446 will be charged by negative. The 
channel field portion under the control gate 446 has threshold voltage higher than the proper threshold voltage 
substantially [ a charge trap site ] at the time of electrical neutrality. If the bit eel 440 is eliminated, the charge trap site 
under the control gate 446 will be substantially charged by electrical neutrality or positive. The channel field portion 
under the control gate 446 is substantially [ as the proper threshold voltage ] equal, or has threshold voltage lower than 
it. Preferably, the control reading voltage impressed to the control line 74 is lower than the threshold voltage of the 
channel field portion under the control gate 446, when the bit eel 440 is programmed, and when the bit eel 440 is 
eliminated, it is higher than the threshold voltage of the channel field portion under the control gate 446. Therefore, the 
current which the channel field of the bit eel 440 is non-conductive, and flows that in case data is read in the 
programmed bit eel 440 is about 2microA. It is as small as the following. The detection amplifier (not shown) combined 
with a bit line 84 detects this small current, and the 1st logical value 1, for example, logic, is read in the bit eel 440. The 
current which the channel field of the bit eel 440 has conductivity, and flows that on the other hand in case data is read 
in the eliminated bit eel 440 is about lOmicroA. It is as large as the above. The detection amplifier (not shown) 
combined with a bit line 84 detects this high current, and reads the 2nd logical value and logic 0 in the bit eel 440. 
[0042] The source 432,442 is in voltage RUREBERU respectively lower than a drain 434,444 between the processes 
which read data in the bit eel 430,440. The voltage drop of the channel field partial both ends under the control gate 
436,446 is small. The probability for a charge carrier to be accidentally poured in into a charge trap site from a channel 
field in this way is small. Furthermore, the channel field which separates a drain from the charge trap site in the 1st, the 
2nd, and the bit eel of the 3rd line is turned off with the 2nd selection reading voltage impressed to the selection lines 
61 , 62, and 63. For this reason, the active jamming over the reading process of the 1 st, the 2nd, and the bit eel of the 3rd 
line is small. Therefore, the reading process of this invention has reading disturbance smaller than the reading process 
by the conventional technology. Furthermore, NVM Since the bit line of equipment 50 is separated from the charge trap 
site in a bit eel by the selector gate in a corresponding bit eel, its capacity value of a parasitism bit line capacitor is 
substantially unrelated to the charge of a charge trap site. In other words, the data dependency of parasitism bit line 
capacity is NVM. In equipment 50, it is small. NVM NVM with the small data dependencies of bit line capacity, such as 
equipment 50, Equipment fits a high performance use. 

[0043] as mentioned above, NVM Equipment and its NVM that the method of accessing equipment was offered should 
understand - it needs. Book NVM Equipment is a split gate FET. It has an array and is each FET. It has the control gate 
which exists in the top for channel field near the source part I, and the selector gate which exists in the top for channel 
field near a drain part II. It can form as a side wall spacer which **** to a selector gate, and, thereby, the control gate is 
NVM. The silicon area effectiveness of equipment is raised. 

[0044] NVM FET of equipment In case it programs, it is accelerated in the channel field portion between a selector gate 
and the control gate, and the charge carrier of the 1 st polarity, for example, an electron, is poured in after that into the 
charge trap site located in the dielectric laminating circles which exist under the control gate. A selector gate controls 
the current which flows a channel field between programming processes. A programming process can be optimized 
about time effectiveness and the effectiveness of power. 

[0045] NVM FET of equipment It is eliminated by pouring in the charge carrier of the 2nd polarity, for example, an 
electron hole, into a charge trap site from a channel field. Since a charge carrier penetrates the up dielectric layer of 
dielectric laminating circles and does not move between elimination processes, it uses a thick up dielectric layer, and it 
is NVM. The rate of data-hold of equipment can be raised. 

[0046] NVM FET of equipment from - in case data is read, reading voltage is impressed to the drain which adjoins a 
selector gate. Therefore, reading disturbance and FET of data Destruction is suppressed to the minimum and, thereby, it 
is NVM further. The data-hold and reliability of equipment are improved, moreover, FET detecting the current which 
flows the bit line combined with a drain - FET from - data is read. FET A drain is separated from a charge trap site by 
the channel field portion under a selector gate. In this way, the data dependency of bit line capacity is suppressed to the 
minimum, and it is NVM. Equipment fits a high performance use. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[f»*«5] ^yy y b • ^-h • y^yges-cfco 
y • -fe/Ki, 

w^fa«cTfcox, mfE^^^^ffi^wrEy-^ffi 

40 m&Y'\'4>fa®\£mmi-5im&'?-**ji<m®<omiu 

<D±\cfrte-fz>mfc<fa-&teV!i-mkV!>mmmb> 
mmmim-mtm- m&tgmm © ± webe-*- a *i» 

we^ 1 ^«g©-hi-#ffi-T6iii^y- h t *«^sy 
^■y •t/w7n' ■, mmr ftcr>mmis.$c<om<D 0 

g^^ixsiityhi; wet isjftommm&ws 

so ©5*>^2?iJ{c*3^X i §-y ; ey • t/KDilEKM vffl 
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®\cm£tsti%m2 try hm ; iriET u^rrt <r>m^mc 

- M::IS<&£;h,$SS2»Ri* ; l TT(*lcD&y* y 

S !R 2 *J»» ; *S J: iWHf E8 1 ff *5 4 tWflESf 2 ffrt © 

v- v • * * y heb, 

[0 0 0 1] 

[Mfg±©fiJffl#If] #«9H4. -j»tey*y|&1IfcB8 
U 3fefc*L<Hu ^JBItt^*U **»!:■■#•*. 
[0 0 0 2] 

WfciH*Brt6#apmB*»ft#ffl>*y (eeprom: Ei ec 

trically Erasable Programmable Read Only Memory ) 
14, 7<^y-<om^^#^$iX'Ct^$ixfcT ? -^Sr 
<S»t5wt!5Stf6„ EEPROM-fe/Hl, ftl^jmi^V 
(FET: field effect transistor) 

tic**?'-****-*-*. »itt*ixfc«Wa J FET 
fiSSrfliW U -ttliCj; U EEPROM"t?/P©y * y ytm&fflffl 

[0 00 3] fi£*(4, EEPR0M-t?/H4, K iHBd* y h 

6„ r©/t£, EEPR0M1?/H*1©FET (4, 7°n ^7 5 V;/ 
*3^-Cl4S* L-< ti\\ £?>{.:, EEPROM-fe/MlT'c^y 

[0004] 7'o^7^^ro^*ttii > y-*« 
y-¥aASrffl^5i:B3rr5wt*s-e#5. y-* 

(||J*S/ h • ^+y-VaA^ffl^^TEEPR0M>&7°n^7 5^ 

«JriWRJ££ft, *r*U£J: "9 y-***fcS«:38-*-5* 
SrticftA^HS. 9ft-7*-M4, ?->r*M6jfflkW& 

-rs. a»< ut, y-^.fflij*s/ h- • y-vaAicis 



4 

[0 0 0 5] t£oT, fiJjgbWcftftfftttiAliiicS L 

fc^S5H4^^ygst, ^^tty^ysieicT^-fe 

Sifgtty- y »«tt8Jgiosffli|i-e*flii-t?*) 5 - 1 
L<, ~yy ^vBffia^&^rtasas U\, £6. 

[0 0 0 6] 

io [Hife^J] -Jttfc, **MB:5PiPaH4> i ey (NVM: non 
volatile memory ) SIBi, NVMgi-T * ± *T 
t*««-r5o #3PJ(c4 9, NVM £EBf4, y-*f+jfi 
©ft^i©^ 1 &#©±{£#?£-f SftsWa*- r 

i-s3ifty-ht$r*-f-5^^y s/ h • y-h*jr«i* 
h7^^ (fed zffiz.z>* nm mm*-7vf7z 
^y-rz&ti, tit zon lw&aum** 

sti.. *ij^y-b©T{c#&^-?)R«srt^aA$ti 

20 So *38M©»ai*3El60>JK:*i^-Ctt:, »J^^-h©T 

h 7 y^ • h (charge trapping site) 
p. NVM fct^lijE7L/£i*©m2ffii4©*^^ 

i t \c J: 9 ^ Jx4. NVM SESd» r- * SrlfcWR 5 

srifch,5mM£4fc*n-r srti^iu, x-^^nvm mm. 

[0 0 0 7] mi (I, *5l^{iiSNVM -fe^H Ot£h*<D 

y b - f— v • ^^evmm^wimmxh^o nvm 
-t/n o«, i*n 2 5r^-r?>^frs«i l&ir© 

mi 1(4, p fiS©->^yS«f«)5 0 EilTlcRW 
£;ft3<fc NVM -fe/n 0 14«^fc#^ (/n/? 
40 5V^) *J«tt)!^±iJSprffi-efe5 0 SEoT, NVM ir/H 
0(4, ^W^fHefeHFi&RriBftttlR^ffl^^y (EEPRO 
M: Electrically Erasable Programmable Readonly Mem 
ory ) -tr/Ui: t>I^J4tt-5o 

[00 0 8] 9ft y- Mtit 1 5 14, S« 1 1 ©±{d# 
fe-fZ&nm 1 4 1 4©±©9ft</- H6i 

^ffi^LSo 9ft y- r 1 614, £V^iC#l4-t&mtl 
7, 1 8«r*r*-5. ^Jt LT, ^Sll 414, i»3^y 
y— ^ (nm) /,C^L^5 3 0nm©Jf^f?r^--t-2>^ftz:^ 

y = yft-fc I? , 9fty- n 6 »4, nnm 1 4 ± 
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5 Onm/,C^U£)3 0 OnraW/f^Sr^-f £#*Sigr> 'J 3 V 

^-> 3 y^5, ii#iy-hi6ii, {k^SK 

[0 00 9] KWf V^«2 2 h 1 6 (DftiM 

i7tS-&$H5 0 Wilt, fciitfliyifcllt* 

«1 10i*Bl 2±fc*>S'<y KRWl«:Jt»lT^ 

[0 0 10] fct^.tf-^'fkv'y 31^2 3t£i?<Dffi& 
®t>K «Ry- 1^ l 6 offiS 17, 18 icBSt-Si* 
Si 2 0gB#ro±lc^j6£$*i5o »4Ktt; -^kv- 
]} 3 2 3 11, fc t 5 nm&V > Ljjft 1 5 nm(OS^ 

£*TL, f&6M^nir;*£fcti7^v ; v'3 >/ctx?; 
ffl^T^$ir5o aMMfc^o-fc^tt, flilffil 7, 18 

tcf&oxii&y- h i 6Srt»»{k-f 5©-e, "iMk^y 

3yl2 3li«l 7, 1 8l5i6oTt>JI5j*$*t5.- & 
3JSS1 2±^-K-fk->y =VJ12 3^j*$ix5o te» 

;ix£o fc£*.tf, ^J5nra/<C^U^I1 5nraCDjf:^.Sr^-r6 

Ste v- y 3 ^« 2 4 ^-^k-> y 3 2 3 ro±»cj&& 

3 ft, #SL<rMt^*:/nir**ffl^T^j*$ft 

S, fcixfi, jfoSnmfcVUft 1 5 nmWff ^-5:^-^5 Zl 

«{k-> I)3>i2 8/i if W&JW^me^^kv' 

2 4©±l:WJtl5„ z^k->y 3>12 8<i, xjK 

5? 5/ 3 y^o -fe * 4 /tfiSRSMk^n ir ^ *m ^XJBOtr 

Srir^-e^5„ 

[0 0 11] Z^ftv-y^yf 2 3, t^y3yf2 

44oj;^z:^k'>y ^>I2 8«, mdto-Wkto-m 

\\M (0N0: oxide-nitride-oxide) HJIgB 2 5 ZMffrf 

s 0 ^tu-tffin,&ffimmt twins, ono aesi5 2 5 
leaser, n&fls^y 3^12 3f*j&g&&ni®i:Pftf 

ft, -|MkS/y 3^JB2 8Ht±»»(Wi:Pftf*b5. NV 

^ONO ©JigB2 SrtiC&ASft, S-fk 
v-y 3 2 4 rtlc^j&^ftsmffih 7 VtH 
X^i£$ftS„ NVM -tr/H O^afffe^-^flUfspS:* 
f-SfcWctt, J&g&38«Ji2 3 t±g|^®f 2 8/iW^ 
IiWJU\ ^SS2 3, 2 8F*?(D^|ife^ 

*/MRft»x.Sr taWS U\, Sjk->y 3y|24© 
{k#*l^«Si 3 N 4 fclRfeftv^ tSraAlWf 7tv>. fci: 



(4) 

;ttf, lft->!)3V|2 4fi, Si x N y T*^$ix?>'fk^ite 

5 v- y 3 isic-g/otdmtQsmt-rz z t asx-£ 

6. fcfc'L-x Sty 0>Jfctt3*|-4.fc0**lf\, 
[0012] M*^- h 3 2 tfSONO mm® 2 5 

£-r s„ #m#- v 3 2 »i, at^y- >• 1 6 tdps-rs 
«3 ii, <iijii3 1 tc^tiFi-r 5ftij®3 3 tsr^r-rs. 

t&Ji: IX, iW»y- h 3 2J10N0 «gg|5 2 5±{Cagm« 

Sr 5* # > a x xt'<* - - v >/-r 5 r 1 1 <t 9 ^ 

$tvS„ 0*L<tt, #aSf±*5 2 0 Onn^VL^S 0 

10 0nnwjp^&^r-t-5#ifeSi/y 3^j§-c*>t), *k^$# 

7°n-tr^^ffl^-C0N0^SSB2 5 ±(Cx^v ; v'3 

So f^MSi, ©J»^- F32H, h 1 6 

6rii»9*U\ 3?J^^- b 3 2 1*, fcirx 

tfy ^*fcttt*>f^*Wiif©n stas^^v-e. ^ 

{c, K-fvy^ixSiir/iWib^o Um¥-YZ2 
ZMfffi-Zfu-tXtt, h 1 6©ill 7(C« 

oT^ifefa^y ayii^x- y- (gj^-e-f) tfcjMt 

20 f5„ UA^ U, MR?— M 6 rofiiJH 1 7 |C©ofc#)fe 
fav-y sVll^^-ttt, NVM -fe/H 0 (0»jf^tC(4H 

0i:/i2)„ ®J<oHit#iJ icts.v>TI±, r<o^ 

[0013] M'®?- h 3 2 (OflHI 3 3 ia*iy- h 1 
6 Wfiflffi 1 7 t I^MMot, fc ir *.ti.£ftM*'< 

-t34, 35 tefvmn&x^— y-^fi£$ixs. # 

so 4L< 11, SftVlX^— 9- 3 4 h 3 2 

5o y-^fflJ|E3 6t±Wtm^— y-3 4irl[^$n 
S„ Mi It, tchittt y VSfcllt^^^'/.CifcOn 

Srffl^-C. y-^««3 6*JKj*f5. y-^^36 

3 8Srft^-t-5. tmix.it, ^^^/l^i^3 8 
KW>f ^«*2 2*»by-^««3 6SrHlT5. 7"^^ 
/ufiH* 3 8 CD|g 1 gp^li, ONO 2 5 *i J:tf«»y 

- h 3 2(OT{-fol9, ^ + ^/l^glS3 8<D^2g|5^liS 
40 h«jgl 5»TJCfoSo Slik*^^— 9-3 4, 3 

5 (1NVM -fe/H 0(c*3^XI4ttEX*fcSZi:^a^ri# 
fc^o NVM -trvn 0^tfe^-f3 4, 3 
*V^#©3a6«t*JV"XH:, y-^^«3 6«IBJffiiy 
-h3 2<omm3 3i:S^$ixS„ 
[ 0 0 1 4 ] ONO «gg|5 2 5 1 2 -kt^jfc-fS 

i 6wji}ct,oNo msu& 
Mfuztis m^T) „ a«y- h 1 6±aicfosoN 

Offim&b, i^ffil 2±{C&t9^k^l^^-f-3 4, 
so -f) fcjjJ, sLyf-i/?- :/n-fc;*lc*5^XI&*$*vS. 
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•> v 3 ^it^mm 4 2 /jsji^y- h i 6 <n±.Ktm 

U NVM -fc/H Offl«y- L.T#tgt-5„ |5] 

#su nvm -tr/n oroy-^mst Lxmaz-tZo $ 

fete, ->y =>V'ft;^«3t4 6 ^ HW ymi$2 2<D±. 

U NVM -fc A- 1 OOK W L-C#tg-f 
So 5/3 aWt^WlMM 2, 4 4, 4 611, 
^-t3 4, 3 5 irS-a-$tvS„ ZOtcib, rix^lig 
^M&'sV^isikii® (-try IMF) «&£t>Pf(4*v 
5„ ->!) 3Wb-&#)1S^4 2, 4 4, 4 6 i4, NVM -tr/W 
1 0rto^^Sr6jgt-T5WT% NVM -tr/n orottffi 
^eSc#-t-5o b/4>U i/V^^t&V0ffi&4 2, 4 4, 
4 6 (4NVM -fe/U 1 0 l£:fo^XI4frI:(Dffij5£gB#X;fc5 - 

[0 0 1 5] is!) ^y^L^W&A 2, 4 4, 4 6©^ 
1 -kiosks (H^-t*i*) 

■ tmfcisti. mwv- h 3 2, mtRy-hnm4 2, y 
[00161 [g 1 (4, nm?- 1-32 dsiiwy- M6 

#^f B •> y ^ yftm-y- h \c® o ^-f - tux 

JiasoNO asSP2 S-hlc^-^y*;**!,, ©Jfpy-h 

gk*>v ^^mmmm 1 4 ±(-^^^3 >$ti, aw 

[0 0 17] HffiE$4x-5 J; 5 t-. NVM ir/H 0J4, p # 
«®S«1 lrtMffr&£ft5n ^-v*^ • ^7°y f h • 

©tll-ilV ft#«||lfe#Jt;i;}o^Xl4, NVM -ir/H 0 
(4, n #*?f^ft:a«rt{c:^$ti-2)P 7^*/i"* 
/U^-y- hFET XfoSo 9JroH^J(c*3^X(4. 

nvm t*i on, n mwm*m#mfcft\£M!&&nzp 

• 7- hFET xfeS„ $ bKB'JwilitWci&^xtt, NV 
M -fe/H 014, p ^«SJ*^Stgrt^fi£$^5n M 
^M<DV ai/UftMEf&ZtlZp f\*)V- *7"y y h • 
f- hFET Xfo6o 

[0 0 1 8 ] HI 1 CDNVM -fe/H O^ror^-tr^Jl, 3o 
Wgp^Sr-^tf : -ftefrh, NVM -fe/U 1 0 &7°n 



5 

y-f5rt, NVM -ir/H 0^:^*1- 2>Zb 4o4U*NVM /U 
1 0 7i^7 :? -^5riE^5-tX-&S <> r^Pjtt, NVM 

tynoroi^-H6, fMfliy-b3 2, y-^^ 

[ 0 0 1 9 ] NVM -tr/P 1 0 Srttm^lcyD ^7 ^ yjf-T 
•5ICI4, fci:x.ftfgS»«BE<Cir©7'ci^7?^^- Kv 
-rv«JE$: (-'K^«2 2{cBJ*Pi-5. '>ft<i:t, 
StR^-h«igl 5T0>7-Y*/HH«3 8»^)Rtt 

0 ^y 5 y^l«y- HSff^s, h 1 6 {cEPTJD 

^7^^- y-^«ffi^y-^«igt3 6tcRWp$n 

n i/y $ y^$H#y- b«JEE*1WW h 3 2 l£ppjP$ 

l7J^V^^/J;^^uft2*'/^^, y°n ^7 5 ^ • y— ^« 
ffi(4ft 3 X/V Y Lft 5 tf/W b X-, /a ^7 5 > ?M 

20 S 0 

[0 0 2 0] y— ^i*3 6J4, K 2 2 <fc fj 

tiftV^/EU-^KCfoSWX, n ^-r^/W • ^7* U s' h 
• y— hFET 1 -0f±v -R«IB»*— K-X'WlfH-So 
Mit, ^n^^^^i/^^, y-^.ffl^3 6^FET 
10©KWyiLt«tU, K W>iW£2 2#FET 

1 0©y-^i: UX«lH6-rSo ZhK, mw-hi 6 
14, Wiy-h«Jtl 5<DTW?--f^/M£iJg3 8gp^<7) 
'>4<H Mffi«il^fc-1t , K v«* 2 2 <DSff u 
^/W4 9 fcS^SEt"</Hcfc5. ^Wfc*, S^y— 

j9*tt^^o 0 A^ftw^-v y tit z-tfm-tf kv 

- h 3 2 b<OfSl<D<f-**/\<<m$l3 8gp^SriiCX7JPjg$ 

tuSo «w*-*-y-vasy-^**3 6fc»»u. ***** 

o*iJ#py- h 3 2cDTS-fc-57^*A<«*£3 8SB?>}c¥iJ 

^dr^ y *rim\mm 23^ LxaA$*K 

h 3 2 WffiUIg 3 1 KPfc-rSg'ffcv' y 3 2 4 (DgB^ 

40 rttcflue^tuSo A^ft^^-yy-t, fctxtfm^s^ 

t^«3 8*^Ifty!i =>I2 4rtM#S!rf Sic 
otl, SM- h 3 2T©ft^«3 8S^Mffi[ 

#T/5S9, h • y ^aAcOjg&fcT^So NVM 

$ixfcdf--y y-VI4g{b->y 3VS2 4(^icMffl$ttfc:« 
* \ct£ S„ IS 1 ^Sffi, it t x(4^S 1 *SNVM ir 
^1 0JC*&iW$tLSo 1-*t>*>, NVM -tr/H 0^7°I3 7* 

7 5 vy-^tuSo 
so [0 0 2 1] 7°ay*7 5 >-y • y'a-tr^coRa, ^--y^ 
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$i«3 8 £iifctx5®ftf4, WRf— Y 1 6{cTOP$tt5 

^Sr*/hK«cffl]^--5o LX, NVM -fe/H O^o^ 
[ 0 0 2 2 1 NVM ir/H 0 Sr^W^fB*-r5»-«, M 

*y-^«jiSry-^^3 6teBtfjpL, rN*y-*fi; 

J£ 4 5 M&WgicfMtfspy- h«ffi*tij»y- h 3 2 (CEP 
JOP-TSo #Ji:LX, t8*y-*mff(4, toStffrhtt^ 
Ljfo7#A-hX% b«ffiH*|- 1 ltfVl^h 

^l>LiKJ-9^hXfc5o hi etsXXfih'U 

^\-±¥ffli#tek1rZ> 5„ NVM -tr/H OSrIB* 

h 1 6 Kftto U rW* K u-< V«ffiSr K H 1 v« 
J&2 2KEWJP-f 5><, i©t#m*S^y- hWEtttH* 

^-^•ffiftsttmffi-cfcs. aiR-y- y 1 «i±-,- kw 
^*j*2 2 j: t> tn^tffi^tfesrot*, a#?y- 

j#o„ NVM ir/H ofctB^sflJoft^SfeteW^^x 
14, ^ 2 h fcl^ L» 5 h ©*ff K U-Y ^®*>fc 
2 2(ifPAR$4x, KKyi«2 2«^ft^«3 
8 y t©ftA«ot|JC &fcv*.fc 5 fc-f 

[ 0 0 2 3 ] y-*^lgc 3 6 i ftHSpy- h 3 2 £ GORSJ 
CO, fcirxliiK) 1 4*'/Wb^^U^ 1 9^/Uh«ffl«ffi 

■fc*fc±9, &m#«4, y-*««3 G\cm&-tz>?-\ 

»+ty -tX*fe5IE?Ltt, M»$*- h32 K&t^XAcD 

•fc^c&l^X, iETLttlMfc** 2 35r^tX, 0N0 ffff 
SP2 5<DSffcv'y =^Jf2 4*X£A3;h„ ^^t-ift 

1 0 t . 2fcv- » => Vjg 2 4 ttSKWfc 

$2*3*. fct;ttf!&jl0#NVM 4r/H 0 

nvm -tr/n o#»H*3n, 

■So 

[0 0 2 4] m^^a-tr^corfltt, tlkv'!J3yi2 4 
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eim h>"^/P- 7°n-(rxiCjo^Xffi#h7 2/y • h 

(4, ONO agg|5 2 5rtfcffl\h||»MW2 8 ^|g{dJfc 

[0 0 2 5] NVM -fevH 0^?>x-^^iE^S(C|4, 
io fcirx«^Jffi«JBE/ii?»^5ty-^«JISry-^^3 

2 (cPPAp-fS. ^<tt>, S#iy-MS3il 5C0TW 

J: 0 h«ff^a^y- h 1 ei^ma 

$tb5„ ux, a^y- hffimi swt^ 

Lift 2 h X-fe 9 , a^y- h 1 6 tt«jS«JEV DD 
^-&$^S„ IT, ««fSffiV DD tlifi3^h)5:i/> 
• - L^5#/WbXfeSo- fSm^lfflj*Jw*5VXtt, 

V DD Jl, fci:x.tf, ^]0. . 9 h /<cv> L^ 1 . 8^/W 
bX&2>„ 

[00 2 6] NVM -Ir/H 0«S/d^7 5 ^^$ixS t , 
5o W»y- h 3 2T(D^-\^/\^mm3 8 35^14, 

h 3 2 Trog-fkiy y 3 2 4 i>mnm^m.%^}'p 

Mt/noii^SjxSi:, Umf- Y 3 2T©Stfl:S/ 
y =^@2 4(4HK6<]{cam6<J c t ] {t}C/ < CS/5\ 
IE(C^fl;^ixS„ *J^y- h 3 2T©ft^/l'W3 8 
^14, *©S^rBMff«ffii:IUW«JfclSLV^», Zn£ 

»*LV\ SS^W^iy- h«ffiJ4, NVM -fevH 0 

#J»y- h 3 2T«ft^^*3 
40 8^toBlfiS*ffiJ; | 9iSiv^rt^4Lv\ 5Eot, 7 
n^y$^^$ixfcNVM -tr/H 0 fab?-? 5ris^-5 
^-lr*A««3 8H:#**tti40, ^^^^ 

Tt'l^v\ tVhi (HlKI±H**-n Sr^LtK 

14, r<o/h$vmiiESr1*ftiLX, nvm -fe/n o^5j, fg 

fcNVM -t/H O^bx-^SrK^Sl 6^-14, 
m®3 8I4^S145:#*>, ^^Srffi4x?)«ffil4, fcix 
so tfjft 1 o m a «±i:*#<*:5. KKyf«i2 2i;g 
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IftfclU |21lJ£tf, fci;ilflft«OS:NVM ir/HO^ 

[0 0 2 7] ift^^nt^^P.l y-*«*3 6ttK 

3 2Wf^«3 8»#fcE5lEEI»Ttt:>h£ 

$/!> 3^g2 4rtKi|RoT&X*^6**l±/h*v^. a 
NVM ir/n OJcga^tvSx— ^tc^f-r 

otitis fla**-f) ttir^Uft (HlfcflH**f) 

2 ffii&y- 1 5 (CJ: 9 yay|2 4H 

Jl, Sflsi/y 3^g2 4rt©«Wi«4SHKttfc«Bfll"C 

flNVM ir/H 0tc*3t^Ttt/hSt\ NVM ir/W 1 oft if 

[0 0 2 8] 0211, *«WfcJ:S^^!> y h ■ h 
NVM O<D|SiSW§0 NVM 5 0 fl, ^ 

(H2lCttig*iirr) rtfcff«**L, fr*5±tFW 

6 C X^D y Y • y— hFET fl, NVM ^tt 5 0fc*3^T 

•y-bFETfl, y-*9i£k, KK^Mi:, y- 

;L5o »Ry- M»J6*, KW ^««fc»«-T5^ir 

FET (1, 1 hT^ b^-^SrtMft-TSo t£oT, 
rtO^^y 3/ h • y— bFET (1, NVM ^15 0 tC*3V*"C 
if 5/ b -iryuifcWtfftSo NVM ii5 0 

rt^^yy y h - hFET 11, m l lcH*£*i5*:/ 
y^h-y-hNVM -fe/Ul OfcfcJtttfc^U^o 0 2 
fl, 4tT4 5lJ^SB?IJ$^*:l 6f@(7)tV h - 

3891lcJ:9, NVM gt5 0(l ttSto»<0frfcffiK<0# 

[0 0 2 9] NVM 8£fi 5 0 fl, y-^i5 2, 5 4i, 
W6 1, 6 2, 6 3, 6 4 i , ftlJ#P#l7 1, 7 2, 
7 3, 7 4 t, tVFiSI, 8 2, 8 3, 8 4 ^:^^ 
UTT^ir^$ti5o NVM mW5 0\ft<D\fy Y • ir/U 
II, TI"(Pvd*<dMI % 1tkjLtiff9*#*xm9# 

iryw 110, 120, 130, 1 4 0 II, W Wl 

i, »2, «3fej:t/jB4Wtettit-r5o *2?Tfc:te^ 

T, \fy h -±/U2 1 0, 2 2 0, 2 3 0, 2 4 0*1, 



7i> 

WWII, 12, fE3*3«tV»49yfc<St«rSo I 
3tTiC*5^T, tf ^ h • ir/W3 1 0, 3 2 0, 3 3 0, 
3 4 011, WWJBl. »2, |3*5j:tf»4j«fc4fc 
■"TSo *4fTK*5V^T, tVh*tyU4 10, 4 2 
0, 4 3 0, 4 4 OH, WWII, 12, |3*5i 
tf|4WK4fcflH-5 0 
[0 0 3 0] y-^i^5 211, MlftWy h • -fe/H 

1 0, 1 2 0, 1 3 0, 1 4 0(0y- *112, 12 
2, 1 3 2, 1 4 2tCWWS8&£ixSo 

io 2(1, |2fr<BtT h • ir/U2 1 0, 2 2 0, 2 3 0, 

2 4 0<£>y-* 2 1 2, 2 2 2, 2 3 2, 2 4 2(Ct^ 

ixW«8tt<*Jxa. y-**5 4tt, |3trotVh- 

t/U3 1 0, 3 2 0, 3 3 0, 3 4 0^)7-^312, 

3 2 2, 3 3 2, 3 4 2 fcWWKjRSftSo y~* 
J665 4J1, 9S4ll<D\?y h ■ ir/U4 1 0, 4 2 0, 4 3 
0, 4 4 0(7)7^4 1 2, 4 2 2, 4 3 2, 4 4 2 fr£ 
fcWW»8R$Jh,5« *55WfcJ:0, ^<£>y-;*£[5] 

Dy-^j»fcje^rstry h U"C*fi*3*t 

S<0rC, **^o.y^«r»/St5. r^fcft, NVM g« 
20 5 oil, fBiio«fctf|2frrt^fcrs> h •ir^T*«^$tt 
5t><^t, »3*5J:t5*4lTrt©try h -iryux*«^;^ 

[0 0-3 1flW»6-ltt; MlftWy h -ir/H 1 
0, 1 2 0, 1 3 0, 1 4 0<£>jliRy— h 1 1 5, 1.2 

5, 1 3 5, 1 4 5tcWW»JSn^nSo SIR*|6 2 
(1, %S2Tf<Dy? y h • -fc/U2 1 0, 2 2 0, 2 3 0, 2 

4 0 cOil^y- h 2 1 5 , 225, 235, 2 4 5 iC-t 
MW^5o 51^6 311, m3ft<D\?y h • * 
/I/3 1 0, 320, 330, 340 ^iltRy— h 3 1 

30 5, 325, 335, 3 4 5 (C WWS8fc£;H5 0 31 
^6 411, m4ff<D\? y h • ir/W4 1 0, 4 2 0, 4 

3 0, 4 4 0 £>2Wiy — H 1 5, 425, 435, 4 

4 5fcWW»K3jh,6. 

[0 0 3 2] «JftllK7 HI, W,\fr<0\fy V • t;H 1 
0, 120, 130, 140 <7)faJ#py- M 1 6 , 12 

6, 1 3 6, 1 4 6fcW?ixSfJRSttSo »J»i»7 2 
fl, |2tT<7)tr3/ h • ir/W2 1 0, 2 2 0, 2 3 0, 2 
4 0 <^$ij^py- h 2 1 6 , 226, 236, 2 4 6(^ 

ti-ensaKSttSo MiitM7 3tt« *3fr*>tfjy b 

40 /l^3 1 0, 3 2 0, 3 3 0, 3 4 0^M-h3 1 
6, 3 2 6, 3 3 6, 3 4 6 fcWWIfcffiSi'ia, M 
^7 411, m4ft<D }fy h -±/U4 1 0, 4 2 0, 4 

3 0, 4 4 0 <Z>jW»y- h416, 426, 436, 4 

4 6tCWWgaSc£ft5o 

[0 0 3 3] t> 8 111, f&imWy h • -t/Ul 
10, 210, 310, 410(^)KK>'1 14, 21 
4, 3 14, 4 1 4lCWW«jgc£*t£o ¥yh&8 
211, %2&l(DYf y h • ir/H 2 0, 2 2 0, 3 2 0, 
4 20OKKV1 2 4, 224, 324, 4 2 4\C% 
so jfcW«|£iT,a. H«ft8 3*1, |3?IJ(Olf^ h • 
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6 



(8) 
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t;H 3 0, 230, 330, 430(7) KW^13 
4, 2 3 4, 3 3 4, 4 3 4 fc-tft*h#SR3 *t<5 0 ^ 
5/ biH8 4tt, ^4$?U<7)fcf y b • -fc/H 4 0, 2 4 0, 
340, 4 4 0^KK^1 44, 244, 344, 4 
4 4K**l*lX«»*iX«o 

[0 0 3 4] NVM $«5 Ort^bf y b • -tr/Wi, tWEfc 

#*:V\> fcfcxtf, y-^»5 2ioJ;(;y-^»5 45: 

(Oil, ^2, fg3ioJ;tfJg4tT<7)fc*;y b • t;wy- 

IT, NVMK«50tt\J&l f »2, *3*Sj:tJW4tT 
Olfy b • t/W:J:otirt$h5}B*^n y^^ir 
So HWI«I7 1, 7 2SrSvMC!B*L, H9I7 
3, 7 4*B^t5Ii:t)t*#5 0 ^< LT, % 
l&£Xf$$2ftft<D\?yh • -fe/Wtt 1 o<7)8siJfl? «a$r#* 
U «3*5J:0«4fTrt©try b • -tA/tt l o(0#J»j» 

[0 0 3 5] NVM g«5 0rt©#fy> • ir/W^rffl»J(c 
t^l^n^y^mr^^^o y b - 
ir/^rt^t&^^ti^x-^fc, trs/M68 1 f 8 2, 8 
3 ifctt 8 4 rt S:«Eix5*«Srttfti"r 5 - fc <t 9 fiffj 

fciHS1-5::fc;&s-e£5o fifoT, nvm ^gsoii^y 

5/ S^EEPROlfiSB fc fcP¥li*l5 0 
[0 0 3 6] NVM i!5 OrtOfcTs' b • 
tr>h-ir;ni0, l 2 OSriftWlc^?^^ 
-T 6 fctt\ fc £ xtf^J 3 tfVu b fcv > Uft 5 tJOw b CO y- 
X^n^7^«y-^l52CW«o fc 
tf >u b fcv * Lm 2 tJOu b <7)Jg l mfc*?* ? y 

^ 4 tr<7) \?yh- \? yV* 110, 120 

Z7uy7*^yi-&7r*±x\zm*iste^<ox\ fcfc 

i6 2, 6 3, 6 4tcEpjp-r5ri:fc«t9^7fc*5o 
fc fc Z-ltm 8 /JOw b fcv^ Ltt 1 0 tf/U b (DUm? n ^5 

5*<, fgl^;/n^9 5:^«flEJ;9»<KS$;h, 
6o I lt^h^p^y^^SE, fcfc 
ffV DD ^t>M8 3, 8 4 (C^p-T^o tf^bi668 
3, 8 4teBJjP**tSJBl b • ^0^7 5 V^«E 

ffifc<03ltt, tfyb't;H 3 0, 1 4 0^)IJ{y-h 
1 3 5, 1 4 5 <7)#* COT^^-y^^JKSS^gBfit® 
Eintt^rfc##*U\ fcfc^«»«BEfci?<7> 
®2 fcfs> b • -fuify^lstfWZftVy hms 1, 8 2 

d-^fcfco, steffiift^— K-eibfWs. 
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fc, yn^7^^- ^nir^^ratt, y-^112, 
1 2 2ilfc* y b -ir/H 1 0, 1 2 0(7) KW^fc LT 
*ix*r*bHrteu KW^IH, 1 24IStfy b -"fe 

/hio„ 12 o<nv-*t Lx^tizftmrn-tZo A 

a>Sffi** fcfcitfS^stf y b • ir^l 1 0, 
120(^)KWV114, 12 4/1^^^41, 

tr y h • -t/n i ooa&y- his fc*j^^- b i 

1 6 fc<7)Rg(D^**/Mg#;fc«fctfb r s' b • "fe/H 20(D 
il^y- b 1 2 5 fcflMftiy-- b 1 2 6 fcOliao^-v^yU 

110, 12 0<7)ffl^^- b 1 1 6, 12 6W^^ 
/U«««B5»fc-tJx^9Jjgr6fc, b 1 1 6, 

1 2 6{c*5V^Tii!l8JEtc«t 9 5l#o*t?>n5o *yb- 

y-Ml6, 1 2 6T<0»«tta»«rt©«lBf 

WM-M16, 12 6T^)lf h7 2/^*t>f 

brtt-aA£ix£fc, mmv-h 1 1 e, 126W 

^r*/^««»^IB««ffias±aS5 0 ^< It, t^b 
20 -t/HlO, 12 0 SrMttS^SK^T^ 9 , &y h • 
^■Yy-tftA^itfttT^So NVM if 5 O^b^n^ 

bll6, 12 6T©*th7y/'t^Kftfe 

gtimmm* feir^aii^e^h.^Hi 

0, 12 0rtK»JftSii5 o tftfc*)^^h'tA/l 1 
0, 12G^n^7^/J^o 
[0 0 3 7] NVM $15 0(7) tTy b • ir/K /cfc^tf^ 
l*5J:^2tTrt<7)tf y b •■fe/U'S:flliItWteJB*-r5fc 

tt, y-^iN**m?:y-^«i5 2tcfnipu. mmm* 

30 SiESrfflW71, 7 2^EpJp-r5 c WfcLT, #&5# 
vub&v^bj|e7 2RyWb<7)jE<0«£ESry-^m*«Efc b 
TS^L, *S — 1 b*V^L*?I-9#/Wb<7)^<7)m 
JE«r«W»*«EEfcL-CWl-*-6. y^i5 4, il^ 
i6 3, 6 4*5^^^*67 3, 7 4 (i, ^*«EEl/^< 
/Mc^$ti5 0 &5HJ6«*J^*5^Ttt, il^6l, 
6 2to£X$\?y hBS 1, 8 2, 8 3, 8 4 ttS5**E 
U-</Utc^$tl5o ft#c7)H^J^t5^TH:, 
6 1, 6 2*$<fctffcr s/ bi^8 1, 8 2, 8 3, 8 4tt# 
ig-T6o SlJ<7)ft#HJ6^ItCio^Ttt, fcfcx.tf^J-3^' 

40 fV b U*>3- 0 . 5 b £<7)"3&«3*«EaSii& 
»61, 6 2fcB]JpSH, ^:fcx.tf^iffi®±fcfc v (7)br> 
hifi*«EE3»tr:y hH8 1, 8 2, 8 3, 8 4l«$ 
ixSo %Zint3£Xf%i2'<7<D\fy b • ir/K7)jl^y- b 
f4**t-p*t^ *9te^®QEu^</WcS>5^)-C% 
JgltT&cfctflf^tTCDfcV b • ir/KO^-v^/V^^cffifl 

fc X itm 2 b fc^ U$ 5 tK/U b fc ¥<D\fyY 
JHiWEaSbTy b*68 1, 8 2, 8 3, 8 4CW$ 
IX, KU-f>^?>^lfT*3ctt>^2tT<7)bf5/ b -ir/K7) 

so f t^/«i^o ttf ^ ^ y t^SA^ii^ : t ^ 
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mm?** 

[0 0 3 8] %\ t5,tt>*^2tT^»t> h • t/wy-^ 

hfmf- hbowKD, tztz-itmi 

1 8#frh(Dmni£m<Dtz)b[c s i& 1*5 j; SB 2 grot- 
s' h • ±;u<Dv-xttft(ommy- hTi-«. 

■5. aA$tifc!E?Lt±mi*5j:l>*^2=fTWfs/ h • -fcvu 

5 0^b^*$ti5ir, JBi*JitJ«*2-fT©bry b - ir 
/wit hy?/-^ Hi^Rft^ttfeSi^teiEk: 

Jffitt, fci:;Ui8&3£0#fcf y F-t/HIO, 120, 
1 3 0, 1 4 0, 2 1 0, 2 2 0, 2 3 0, 2 4 0rtlC 
mh&tl&o -Tttt>-h. NVM KB- 5 0«>aSl*5j:tfSS2 

[0 0 3 9] NVM 5 OOf 7 h • ir/K ir X_litf 
yh-t/H30, 4 4 oa»bf*— *&tfc3"-flXStCtt\ 

m-.aftttBritEttWKttEVDD ■?*>*. fci;tJi, ft 
1 tfA> h ftv > 2 h oMfflKRWEaWJMft 7 4 
fcGMmSJxS. 81. »2*J:tfJB3fi 1 rt©e's' h • * 
;Hif?h-t;l'4 3 0, 4 4 0ii^©T- ^<OSr5l7 p 
n-fe^^M^-L-^^W-e, fcixfi&Jft«JBEfti?©&2 
S^fSSaESrS^ 6 1, 6 2, 6 3, 64 tC^Rl" 

2>zk\z.£<o*-y\c-rz>z.kiW£u<\ y-xwzmn, 

ff» fc£;tlf»ife*ffi*:y-*jK5 2. 5 4fcBWni-*- 

flSfy Ml8 3, 8 4KEft&P£ft5,, 0*Klt If? 
H8 1, 8 2fcl?Jg£ft$iB2ey httBrttffili, y 
-*$!5 2, 5 4^PP7JP$tb5y-^SKfl®Ei:IIHW 
tC^LV\ ri>< LT, fyb-t/l/4 1 0, 420^5: 
UtliWfoft, t"y Y • ir/U-4 3 0, 4 4 0^^>x'-^ 

7 4\z.wM£tiz>%mn%im.mz, »*u<»±, y-* 

JR5 4{cEp*p$ix5y-^SE5tmjEt'>^< i: tElua 

mMMBX'O t>, k fctV b --fe/W4 3 0, 4 4 

0 OjgJRy— h 4 3 5 , 4 4 S^ft^XCOTO^-V^^ 
«tf»#©Hit*JE#fc*rtflflf\, 31iR«S6 1, 6 2, 6 
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1, ^2 4fc(4H3ffWtV h • -tAsOmfoV— hT<D 

to£i%z>y—xmmnj£k<D%}£<9k&i<\ 

[004 0J t°yb--t/U4 3 0fry°ny'7S.yy'£ti 
®mv*-h4 3 6TO«#h7s/y •iM h^A 
fc*«3;h,a. «J»y— h 4 3 6T©f-r*/HH««IJ» 

h -.-fe/P4 3 0^rB*$^5t> ftlJINiy->4 3 6? 

t/>lilEtc^fl;$^6„ fftjfpy- h4 3 6T<£>^-Y^/Hfi 

J: 9 fcfi^We«ESr^-f4. *f*L<tt, «g#KRl7 4 
Kf^p£ti,3{WWSE$?€J£fi> fy h • ^4 3 0^ 
Ztltit%&&fflWv 1 - h 4 3 6W+^ 
/wflWttS»O.Wiffi«flEJ: 9 , f?K-:t/W430 
iSJH*$ixfc»a-t±(W»y>- b 4 3 6T©f^^« 
«:»©we«ffiJ:9fc*tr\, Sfot, 7"P^7 5y/J 
ttfcf 2/ h • -fe/U4 3 O^^-^SrK^StSRH:, tf 
20 * h • -fe/i^4 3 o<r>^**n^i$Lfttmffl&.-z. 

WLtlZ&Mlii, tLkx.\tm2 nA KATi'h$V s o t'> b 

■ i'WIES:»»U-^h •tyU4-3 0^?,IliII 1 

ir/P4 3 O^^x— ^5rK^ff5^(i, tfy h • ir/W4 

tt, fckx.&mi0 »K %k±.k±%\<\ ¥ybm8 3\C 

h • -fe/W4 3 oa»e>B2i&jngu ^aosrK^ 

30 BtSo 

[0 0 4 1] tVh-t;u4 4 0iS/c^7>y^Ji, 
St, Mffliy-h4 4 6Troffh7 'yf'W 
iCftnZtlZo mfflv*- b4 4 6T©ft^W 

s, h • -fer/W4 4 0jJSii$tl5t« ym>f- \-4 4 6T 
<0®t h7?7" • 1M M4SUtWK«»«j*tt«\ 
l/M4IE^^Em$tlSo UW>f-Y4 4Gl : <r>*}->r*/\<m 

mnftte, ze>m&m ferns. kmmmc^L^fr. 

40 ±0fcfiV^BMt«BE**-r4. #4U<tt, *J««S174 
(£WJP$ft3frJ^i£ffc®ffite, h • •fe/i'4 4 0 2isy 
n y-y 5 V^$ixfc»&H:«HWy- h4 46 TWft^ 
/I^I«gP^WB81tt®E<fc 9 , biS< , tfy h • -fe/1^4 4 0 

mn^^titcm^nmm^- h4 4 6w 

»»©«««JEJ:9fci(5ir\ flgoT. /n/7 5^J 
tlfcfy h • ±/U4 4 0^?>x-^S:^»5^i4, tf 
y h • -tr/U4 4 OW^-y^^lgft^mttt 1 , ^r?r 
ffitv^«it(4, fctxli^2 iuA aTtvJ^vv f'y h 
$8 4\c&-££tiZ&*amm& d^©/Jv$ 
so IrMUtfettftlU kfy b --fe/U4 4 0^?>^imSffl[, 
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■fe/i-4 4 0;&»£>7*— *SrS£#-ISl5&f4, tV h --fe/W4 

ta&isti?>tfitot%M% manor) «r 

[0 0 4 2] t*j/ h • -fr/U4 3 0, 4 4 0^bx'-^Sr 
fi5^&57°n-tr;*cDP«!H4, y-^4 3 2, 4 4 2J4, K 
W>4 3 4, 4 4 4 J: 9 t> Ztl^tl^ ^ffi/U W^/W 
ICfoS. famV- h4 3 6, 44 6W+*^«S 

SnS**l4'h$V\ JBl, ^2*3J:^3tT 

&f*xsr-ir*A&mti* mtume i, 6 2, 6 3(cep 

JP$ti5^2®^SgnmjE^J:9^-7{c^5o -wfc 
ft, II, - JB2*sJ:tJ«*3tf©tr-j/ h • t/uroii/n 
**fc*H-5tt£tt>h£v\i Sot, 

NVM gff5 0 <7)t's/ hi*»4 % *fj£-r?> 

iSfh? ?/-^ h^fePBT^tua©^ AF^feTy hi* 

ttfSJtWfcfctl»« ^tfy hi* 

£*©-r-*tfe#ttaSNVM OtCjoVTIi/h^V^ 
NVM £S«5 O&ifW, tf j/ h^ftrax-^fe#tti!> 5 'h 

[0043] nvm mutzmm '4&mzT?±x 
i-%*fehim&$tit^ti>mtmv£oo *nvm m 

W4, ^/!) 7 b ■ *f — h FET ©7K4fii &FET 
[0 0 4 4] NVM ^BraFET ^7°n 5 V^i"?)^ 



(10) 

/<? 

[ 0 0 4 5 ] NVM ^»WFET 14, S5 2®t4W«^=Jf ^ y 

io [0 0 4 6] NVM ^gWFET frb : f—#&Wi%-&2>& 

So Sot, x-<?ra^fe^-airFET oWKj:«r4k'MK 
(ittJxT, ZtUC£.<() i^l-NVM giOT-?«»tfi 
WttSrefcSt-S. *fc, FET <£> h'^Vl^^St' 

*«:SfcWS6. FET OKW^^IJlRy-hTOft* 

ft*. a»< uc, -try MUSiW^-^fiSt^tt^Jft/MSR 
. NVM SB(4iSttBgffl^(cji-r?>o 

2 o [EBrafj^lftPJ] 
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